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Although detailed analyses of the lipid compo-
sition of skin in health and disease have been pre-
viously reported (1, 2), our knowledge of the
metahohsm of skin lipids is scanty. In fact, no
enzyme participating in lipid metabolism in the
skin of any animal has ever been assayed. This
histological complexity of the skin renders sam-
pling difficult for biochemical study.
This communication describes the micro assay
of fi-hydroxyacyl-CoA dehydrogenase (p-hy-
droxyacyl-CoA : NAD oxidoreductase) in various
parts of the skin. This enzyme was chosen for
study for the following reasons: a) availability of
a highly sensitive fluorometric measurement of
NAD (3), b) simplicity of substrate preparation,
and c) location of the eozyme on the metabolic
map, i.e., it is one of the key enzymes which links
carbohydrates to fatty acids io metabolism.
As a first step toward establishing a micro assay
method, certain basic characteristics of the enzyme
were studied using epidermal homogenate as an
enzyme source. The epidermis was separated from
fresh human skin by a modification (4) of the
stretch method of Van Scott (5), and homogenized
as described previously (4). The substrate, aceto-
acetyl CoA, was prepared by the reaction of dike-
tene (Sigma) with CoA, in the same manner as for
the preparation of succinyl CoA described by
Simon ci al. (6).
The standard enzyme assay reagent mixture con-
tained 300 MM acetoacetyl CoA, 500 MM NADH,
and 0.3% bovine serum albumin in 60 mM sodium
pyrophosphate buffer at pH 6.0. To 100 1 of the
This research was supported by the United States
Public Health Service GM 12874-02, FR 00163, and
AM 08445, and the Beatrice F. and Melville N.
Rothschild Memorial Foundation. Major parts of
this work were conducted while the authors were
at the Beatrice F. and Melville N: Rothschild
Surgical Research Laboratories, Michael Reese
Hospital and Medical Center, Chicago, Illinois.
Publication No. 234 from the Oregon Regional
Primat Research Center.
Received for publication February 7, 1967.
* From the Oregon Regional Primate Research
Ccntcr,** Beaverton, Oregon 97005 and Depart-
ment of Surgery, Washington University School of
Medicine,*** St. Louis, Missouri.
t Present address: Central Research Division,
Monsanto Chemical Company, 800 N. Lindbergh
Boulevard, St. Louis, Missouri.
97
iced buffer substrate in tubes was added 5 4 of a
10 mg per ml cpidcrmal homogenate with mixing.
The tubes were incubated 30 minutes at 37°, re-
turned to the ice bath, and 5 4 of 6 N HC1 was
added to destroy the unrcactcd NADH and stop
the reaction. A 10 5d aliquot was then added to
strong alkali to develop fluorescence, which was
measured as described by Lowry ci al. (3).
The optimal pH for maximal activity of this
enzyme in epidermal homogenates is 6.0 (Fig. 1).
A rather sharp decline in activity is noted at pH
under 5.0 or above 6.5. The effect of acetoacetyl-
CoA concentration on the activity of the enzyme
was tested up to 1.2 mM. The enzyme activity is
maximum at 0.3 mM, and no substrate inhibition
is observed up to 1.2 mM. The effect of NADH
concentration was tested in a similar manner by
varying the final concentration of NADH from 0
to 11 mM. Optimal enzyme activity is obtained at
a NADH concentration of 0.40 mM with no in-
hibition obscrved up to 1 mM. The time course of
the reaction is shown in Figure 2. The reaction
rate is linear up to 60 minutes. Figure 3 shows the
effect of various concentrations of epidermal ho-
mogenate. The enzyme activity is directly pro-
portional to enzyme concentration over a wide
range.
No measurable NAD was observed with the
rmissin of either acctoacetyl CoA or NADH
from the reaction mixture. When acetoacetyl CoA
was replaced in the reaction mixture by coenzyme
A or acctoacetic anhydride no measurable NAD
was formed. Under the optimal conditions de-
scribed above, disappearance of acetoacetyl CoA
and NADH (206 and 230 mgmoles/ml respec-
tively) approximately corresponded to the forma-
tion of p-hydroxybutyryl CoA and NAD (190
and 210 mMmoles/ml respectively). In this ex-
periment, both acetoacctyl and fl-hydroxybutyryl
CoA were measured enzymatically with a commer-
cial preparation of p-hydroxyacyl CoA dchydro-
gcnasc (Sigma).
The enzyme assay method as described above is
reliable and reproducible. Triplicatcs of the same
samples agree within 3%. Assay of epidermal ho-
mogenates from four individuals showed 112, 150.
153, and 120 mmoles fl-hydroxybutyryl CoA/kg
wet wt/hr respectively, giving a mean value of 134
mmoles/kg wet wt/hr.
Enzyme assays on skin structures were carried
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/3-Hydroxyacyl CoA dehydrogenase activity in various skin structures
Skin Sample Epidermis Dermis Hair follicles Sebaceous gland Sweat gland
1234
1.00
0.64
0.65
1.46
0.047
0.043
0.058
0.048
0.52
0.42
0.76
0.86
0.82
1.35
2.14
3.50
0.79
0.46
0.98
1.17
Mean 0.94
(±0.11)*
0.049
(±0.012)
0.64
(±0.09)
1.95
(±0.35)
0.85
(±0.19)
Figures are mean activity (moles of product formed per kilogram dry weight per hour). Each sample
number represents skin from separate individuals. Each figure is a mean of six 1—5 microgram frozen
and dried section.
* Average of four standard errors of mean.
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out as follows. Since the enzyme withstands freez-
ing and drying at —30°, the quantitative histo-
containing 10 sl of substrate reagent. The tubes
were placed in an ice bath and 2 d of 1 N HC1 was
chemical technic of Lowry (7) was applied in added to stop the reaction. A 10 d aliquot was
order to obtain samples from different skin struc- taken for fluorescence measurement.
tures. Frozen-dried 0.5 to 5.0 g skin sections were The enzyme activities in epidermis, dermis, hair
incubated 1 hour at 37° in tubes (2.5 x 50 mm) follicles, and sweat and sebaceous glands of four
individuals are summarized in Table I. Each figure
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FIG. 1. The effect of pH. 0 acetate buffer;
• pyrophosphate buffer,
represents the mean values of six sections from
the skin of the same person. The enzyme activity
in sebaceous glands is approximately twice that
in epidermis. This coincides with the fact that the
sehaceous gland is the most active site of lipo-
genesis in skin.
Previous data on glucose-6-phosphate dehy-
drogenase in human skin (8) also showed a similar
distribution pattern of activity, i.e., the highest
activity was found in sebaceous glands. It was
postulated that the product of this reaction,
NADPH, is utilized for lipogenesis. Consequently,
similarity in the distribution pattern of these two
enzymes may be regarded as an example of enzyme
adaptation in vivo.
It is hoped that the presently described micro-
method may be useful for studies on sebaceous
glands in health and in disease.
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FIG. 2. The time course of reaction
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FIG. 3. The effect of the amount of epidermis
TABLE I
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